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PRIOR ART 

The present invention relates to a lithium ion conductive electrolyte and a 
process for preparing the same. More particularly, the present invention relates to an 
electrolyte for a thin film cell having at least two network forming agents and a process 
for preparing the same. 

Cell which converts chemical energy to electrical energy has been used widely, 
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since cell's energy conversion efficiency is high and its structure is simple. Among them, 
nowadays a lithium cell is one of the cells which are being developed actively in the cell 
field, a since lithium cell's energy density and electric potential are high. These lithium 
cells are essentially consisted of a cathode (for example, lithium metal, lithium alloy 
and graphite which can attach or detach lithium), an anode (for example, LiCoQ 2 , 
Li 2 Mn0 4 and V 2 0 5 ) and an electrolyte. Among the components of the lithium cell, a 
component which has the most closely relationship to cell's performance is an 
electrolyte providing a moving passage of lithium ion. 

An example of an electrolyte for a lithium cell includes a liquid electrolyte and 
a solid electrolyte. A liquid electrolyte has been used widely for a lithium cell and has 
an advantage of high ion conductivity. However, a liquid electrolyte is not preferable in 
terms of an environment since it is basically acid solution, and thus it has dangerousness 
resulting from leak. To solve these problems, a solid electrolyte has been developed. It 
can be divided largely into a solid polymer electrolyte and a solid oxide electrolyte. 

A solid polymer electrolyte is devised based on the fact that a polymer matrix 
consisting of polyethylene oxide (PEO) has conductivity for a lithium ion, currently a 
polymer electrolyte having various compositions such as polyacrlyonitrile (PAN), 
polyvinylidene fluoride (PVdF) and polyvinyl chloride (PVC) and the like, has been 
developed. However, these polymer electrolytes has been limitedly used for thin film 
cells which their total size is several micrometers, since they are devised assuming that 
they are used in bulk cell. 

A solid oxide electrolyte is in limelight as an electrolyte for a thin film cell, 
which essentially comprises a network forming agent which forms a framework of a 
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network, a network modifier which modifies a framework of a network, and further can 
comprise a network dopant which enhances an adding amount of lithium ion into a 
network. A representative example of these solid oxide electrolytes includes the 
electrolyte comprising Li-P-O-N as a constitutive element (See US 5,338,625 and its 
divisional application Patent US 5,455,126). These electrolytes of '625 and ' 126 patents 
comprise Li-P-O as a network forming agent and N as a network modifier which 
modifies a framework of a network by cutting, polycondensating, and branching a 
framework of a network and the like, to form a network structure. 

However, a development of a solid oxide electrolyte is sit in an early stage in 
spite of these US patents, thus there is still a need to develop solid polymer electrolytes 
in the various forms. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
OBJECTS OF THE PRESENT INVENTION 

It is an object to provide a new solid oxide electrolyte. 

It is another object to provide a solid electrolyte comprising at least two 
network forming agents. 

It is another object to provide a 5-membered solid electrolyte of Li-P-O-X-Y. 

It is another object to provide a 5-membered solid electrolyte of Li-P-O-Si-N. 

It is another object to a process for preparing the electrolytes above mentioned. 

These objects of the present invention can be accomplished by providing an 
electrolyte which is stable at an electrode and an interface by controlling physical 
properties of an electrolyte's components to change a binding force and a binding 



structure among components, and forming a stable network structure having high 
lithium ion conductivity, low electron conductivity and structural stability. 
CONSTITUTION OF THE PRESENT INVENTION 

The present invention relates to a lithium ion conductive electrolyte and a 
process for preparing the same. More particularly, the present invention relates to an 
electrolyte for a thin film cell having at least two network forming agents and a process 
for preparing the same. Preferably, the present invention relates to 5-membered 
electrolyte for thin film cell containing Li-P-O-X-Y. 

In this case, one of X and Y is a material which forms a framework of a 
network and the other is a material which modifies the framework of a network to form 
a network structure. An example of a material which forms a framework of a network 
includes Si, B and S, and they can be supplied as a compound such as Si0 2 , B 2 0 3 , GeS 2 , 
As 2 S and the like. An example of a material which modifies the framework of a network 
to form a network structure includes Ag, N and S, and they can be supplied as a 
compound such as Ag 2 0, Li 2 S and U3N and the like. 

An embodiment of the present invention is a lithium ion conductive electrolyte 
comprising five atoms of Li, P, O, Si and N. In this case, Li, P, O and Si are materials 
which form a framework of a network, and N is a material which modifies the 
framework of a network to form a network structure. That is, the electrolyte is the 5- 
membered electrolyte having Li-P-O and Li-Si-O, i.e., two network forming agents and 
N as network modifying agent. 

A process for preparing the thin film electrolyte of the present invention 
comprises a step of forming a target which is capable of providing Li, P, O, Si; and a 
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step of carrying out sputtering under high vacuum N2 atmosphere to form the electrolyte 
containing five atoms of Li, P, O, Si and N. 

Forming the target which is capable of providing Li ? P, O, Si is carried out by, 
but not limited, locating Si or Si0 2 mosaic target on Li 3 P0 4 target, or forming 
Li 3 P0 4 :Li 2 Si03 composite target containing Li 3 P0 4 and Li 2 Si0 3 composite. 

Sputtering can be carried out by various methods. Representative examples 
include N 2 reactive RF sputtering, e-beam evaporator and IBRD (Ion Beam Assisted 
Deposition) and the like. 

The electrolyte of the present invention is maintained in the form of amorphous 
form by a low temperature process, and as a result, the electrolyte has high charge 
carrier concentration, high vacancy or interstitial site concentration, and high ion 
conductivity resulting from low ion moving activation energy. Further, the electrolyte 
exhibits physically and chemically stable characteristics, since added X and Y materials 
contribute to structural stabilization of a network and improve a binding force, a binding 
characteristics, a relative intensity of binding among each elements, and reactivity to a 
lithium ion. Therefore, the electrolyte of the present invention can be used in various 
applications such as a miniature sensor as well as a thin film cell. 

EXAMPLE 

The following examples represent preferred embodiments of the present 
invention in detail, but are not intended to be limiting. 
Example 1 

Process for preparing a thin film electrolyte 

(a) Preparation of Li 3 P0 4 target which Si target is mosaicked. 
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20 g of Li 3 P0 4 powders (Japan high purity chemical, purity: 99.95% or more) 
were compressed to prepare a disc form of 2 inches. The compressed disc was elevated 
to 900 °C at an elevation rate of 5 °C/min 5 and heat treated at the temperature for 3 hours 
to prepare Li 3 P0 4 target. Si wafer was cut at a size of 0.7 cm X 0.7 cm to prepare Si 
targets, and four, five and six Si targets of the resulting Si targets were located 
independently on the Li 3 P0 4 target to prepare Li 3 P0 4 target which Si targets are 
mosaicked. FIG. 1 represents Li 3 P0 4 target which five Si targets (2) were located on 
Li 3 P0 4 target (1). 

(b) Preparation of thin film electrolyte 

A vacuum in a chamber was exhausted to 2 X 10' 6 torr, and a vacuum in a 
chamber was maintained to 5 X 10' 3 by adjusting exhaust valve while injecting N 2 gas 
(purity: 99.9999%) at a rate of 5 seem into the chamber. Thereafter, sputtering power 
was set 75 W, and a substrate was rotated during the sputtering. RF sputtering was 
carried out for 10 hours to prepare a thin film electrolyte containing Li-P-O-Si-N. 

Example 2 

Determination of ion conductivity 

To determine ion conductivity of a thin film electrolyte, a sandwich cell in the 
form of Pt/thin film electrolyte/Pt was prepared by depositing lower Pt electrode, thin 
film electrolyte and top Pt electrode sequentially in this order on a A1 2 0 3 substrate under 
same deposition condition as example 1 . An impedance of the cell prepared as described 
above was determined from 1M hz to 10 hz by applying perturbation of 10 mV at OCV 
(Open Circuit Voltage) of the cell with IM6e (Zahner, Germany). The results were 
represented in FIG. 2 and FIG.3. FIG. 2 represents the impedance results, wherein four 

6 



Si mosaic targets of 0.7 cm X 0.7 cm were located on a Li 3 P0 4 target in the form of 2 
inches disc. Also, FIG. 3 represents the impedance results, wherein five Si mosaic 
targets of 0.7 cm X 0.7 cm were located on a Li 3 P0 4 target in the form of 2 inches disc. 
Determined ion conductivities of the thin film electrolyte were 1.8 x 10" 5 and 2.1 x 10" 5 
respectively, and when targets are six, ion conductivity was 1.6 x 10~ 5 s/cm 
(conductivity = 1 /resistance). 
Example 3 

Determination of available voltage region 

Available voltage region of a sandwich cell was determined by using linear 
sweep voltage method, when the sandwich cell was in the form of Pt/thin film 
electrolyte/Pt, and the thin film electrolyte was prepared by locating five Si mosaic 
targets of 0.7 cm X 0.7 cm on a Li 3 P0 4 target in the form of 2 inches disc. A charger- 
discharger of Wonatech was used. An electric current which flows into the cell while 
elevating a voltage at a rate 10 mV/min, and the results were shown in the FIG. 4. As 
shown in the FIG. 4, the thin film electrolyte of the present invention had a maximum 
available voltage region of about 5.5 V. 

Example 4 

The thin film electrolyte was prepared in the same manner as example 1, except 
for using Si0 2 target in place of Si target. Ion conductivity of the thin film electrolyte 
was about 1 x 10* 5 s/cm to 2 x 10" 5 s/cm, and maximum available voltage also was 
almost identical to that of the thin film electrolyte which was prepared by using Si target. 

Example 5 

Preparation of thin film electrolyte with Li 3 P0 4 :Li 2 Si03 composite target 
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Highly pure Li 3 P0 4 powders and Li 2 Si0 3 powders were mixed at a weight ratio 
of about 0.9 to 0.5:0.1 to 0.5 to form a mixture, and then the mixture was compressed to 
prepare a disc form of 2 inches. The compressed disc was elevated to 900 °C at an 
elevation rate of 5'C/min, and heat treated at the temperature for 3 hours to prepare 
Li 3 P04:Li 2 Si03 composite target. A vacuum in a chamber was exhausted to 2 X 10" 6 torr, 
and a vacuum in a chamber was maintained to 5 X 10' 3 torr by adjusting exhaust valve 
while injecting N 2 gas (purity: 99.9999%) at a rate of 5 seem into the chamber. 
Thereafter, sputtering power was set 75 W, and a substrate was rotated during the 
sputtering. RF sputtering was carried out for 10 hours to prepare a thin film electrolyte 
containing Li-P-O-Si-N. 

Ion conductivity of the thin film electrolyte prepared in such manner was 
determined, and the results were shown in FIG.3. As shown in FIG. 5, ion conductivity 
of the thin film electrolyte using Li 3 P04:Li 2 Si03 composite target was about 5 x 10" 7 to 
2xl0" 6 s/cm. 

As shown in the examples as mentioned above, the thin film electrolyte of the 
present invention has excellent ion conductivity and high maximum available voltage. 
Further the examples are described for the thin film electrolyte comprising Li-P-O-Si-N, 
however it is obvious to the skilled persons in the art that the examples can be applied to 
various network forming agents and modifiers. 

THE EFFECT OF THE PRESENT INVENTION 

The lithium ion conductive electrolyte has several advantages compared with 
prior electrolytes as follows: its cyclic characteristic and stability are excellent; its 
reactivity with an electrode is low; and it is stable in spite of a continuing charge- 
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discharge and it has long cycle life property. Because of these characteristics, the 
lithium ion conductive electrolyte can be used in various applications such as thin film 
cell and miniature sensor and the like before footlights as a next generation cell. 

Further, the present invention has augmentation of nation interests, 
development of domestic industries, development of related techniques and prior 
occupation of techniques in applied applications such as a thin film cell being developed 
worldwidely, since the electrolyte of the present invention can be prepared with thin 
film deposition techniques which has been developed in domestic prominent industries, 
and an outflow of a foreign currency and a subordination of techniques causing transfers 
of preparation processes, facilities and techniques from foreign countries can be avoid. 
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WHAT IS CLAIMED: 

1. An electrolyte containing atoms consisting of Li, P, O, X and Y, characterized 
in that one of X and Y is a material which forms a framework of a network and the other 
is a material which modifies the framework of a network to form a network structure, 
the material which forms a framework of a network is selected from the group 
consisting of Si and B, and the material which modifies the framework of a network to 
form a network structure is selected from the group consisting of Ag and N. 

2. (Deleted) 

3. (Deleted) 

4. The electrolyte according to claim 1, characterized in that the material which 
forms a framework of a network is Si, and the material which modifies the framework 
of a network is N. 

5. A process for preparing the electrolyte containing five atoms of Li, P, O, Si 
and N according to claim 4, comprising the following steps: 

(a) forming a target which is capable of providing Li, P, O; 

(b) carrying out sputtering under high vacuum N2 atmosphere. 
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6. The process according to claim 5, forming the target which is capable of 
providing Li, P, O, Si is carried out by locating Si or Si0 2 mosaic target on Li 3 P0 4 
target, or forming Li 3 P04:Li 2 Si03 composite target containing Li 3 P0 4 and Li 2 Si0 3 
composite. 

7. A thin film cell or miniature sensor comprising the electrolyte according to any one of 
claims 1 to 4. 
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5. 4 

AHOJO-j 

*W £}X|g aSflS. H|H.$|3. Id|£«|a 7HSXfl. 

£ 1S- Li 3 PO< E^2! feKHI Si Ef5!0| «E||g £A|*^ 50|CK 

£ 2 U)x| £ 3& & etsr SsHSofl cH*h gJalEj^g ^Sth asm £A|fi: 2jo|c|. 

£ 4fe & tfSsl afor ^stilicHI cm Ejgjsy g^s/Hal * a fe £ a|# 3!o|ch 

£ 5fe Li 3 P0 4 :Li 2 Si03 mtt 0|g& ^ SsHiicHI Cfl& SmiS^g ^Sth 92t» £A|fi- ^0|CK 

ttS0| 7|£ a! =L mom S2|j7|* 

5? n *£«reJofl #S 2o|ch 
•WSJ <H|Lr|x|g £j7|*| (H|Lix|S £SfA|?|fe sxfe (HIMxl :£go| ^-ZL e!SH gB| AJgEM &Cf 

n g<HiAi Big (himxi sisn ^ji *e ajg.2.3. sjsh s>*ti- axi gotou-i 7^ <y^7i- 

^i\JL 5 g°| SFU-OICK o|em B|g £jxfe 71^540^. Bjggtff, Big 93. 5! B|g§ ITtfSJAllJ 

^ ^3), 2,^ (<*|: LiCo0 2 , Li 2 Mn0 4 £! V 2 05 ) 51 SeHSS. t^SW 2JcK zi go||Al SMfeT g^nj. 
7^ USt* #*lg 7^xU 5e Big o|££j 0 |g g£g «|g#fc SSflSOlCK 

Big Sx|g t!sHIJo| oflSfc SsH^ Si SSHUS & 4= ?*'ch <*\M\ SSHUe gEH B|g Sxlofl ys| Af§S 
SsHUS-AH, o|S S££g i-^ytote &gg 7Fx|jl zlbM, o\^B 7|£*to^. <+ %°4°£.M #3*}° 
S HUf 5j^x| Y^ofl M flS^S Ulsshui 2Jc:fe gx|S# 2^ ? A 'ch. o|ei*h gxlig^ sH^^ixh xl|A| 

9 50| ZL^| ^SflgOlCH, Ol^e 37H| jDLxfljlMXf s!sH^^ ZL*I| ^AfO|H SsH^S Pl'gl? ^ S!cK 



IlM JL^x\ SeHSe SB|cHIUS«^o|c(p EO ) £ o|^o-|S Mx|- dHe.^^71- B|g 0|SCH| CHtt SSE^S 5>fec*fe 
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guf s^oj jiexf SsHlJol ?JCK zieHU, o|^th m.m ngxl- S§HU& 7ie^°S S3 six| 

cHI Ahgsife 5Jg ff ^O-SAH, s*ll Sx|o| a.7p^ 4> iimCHi gs^th «<-er sx|g sjSHMfe. zl A^go| x^lS■£|o^ 
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^^o\E, sshss ahs^i ng&ji &b ^ axig sshssah, L-nm$ia.sj g^g ^-ytrb uimsia. ^-yxii 

S! LH|m$|3.°| §2jg 7HI]A|?|b LH|H.^H. 7H I! Al|( network modifier) g 7ie*|o3. U|M^|3.cH| S| 

Mo|go| £»7 r §rg g£]A|?|b LH|eoj 3 network dopant) g SOT 4 1 2M. o|E^ ^A r 0|c ^sjf^oj 

CH£*4 CH|Sfe Li- P- O- Ng itfirlQ. fcfe DRW ^15,338,6255. a! ZL°| fig g£!£! DRW *ll5, 

455,1265S g ^ a!Cr. #7| '625 8! -126 Wfe U|e^H°l S 7 Am ^£!trb HM3. Li- P- OS 

U|S*|H g*)S| BEh, branching) g<H| o|bH L-||e*|ss| S^g n§?5§ l^trfe U|a. 

*|H 7HS«I( network modifier) 3. Ng 3>J1 StcK 



SOI Ol-f-HXl- 7|#*4 2fXfl 

UrBrAH £ gS2| A||SS **AK>|E. SSflSS XlgSrfe 3«0|cK 
e ^S°J £E ^5 ^54S ¥ 7H o|#S| b||Eijqa g^xflM 5>fc asHUg aflgSrfc 2o|c r . 

ff irSsl £ C r S Li- P- O- X- YS| 5*1*1 -H*H 38H5I8 XBofe 5J0|Cr. 

e SJ-gS] £E Li- P- O- Si- NO] 5S74I H*B SsHSg Xflgtrb 20|C r . 

e tt SSI 2 CrS #7| Jlxfl SflHSIS Xfl^Srb g^g XflSSrfc 5JO|C|-. 

#7 is- & ^goj ^siia ^-asj^zi-si ggg *h<h*i-<*i ssmzi-si str^im- sir ?s§ estAih * 

£ BIS 0|£ SEE, 2Xr£lEE a' BStt ^w?£S «4*t<H ERi!|- *|ojcH|Ai ftStt £j§H&S 

Aiisirofl ojsH g*in ^ aid-. 

sisH^ a; n 3ds»eicHi ^oia. B^D•i|s^7^|fe, Li- p- o- x- y, a 57h°i ^^i-s ir^^fe ss^i ^et seHStHi 
#7| x *'y§ 0^ ©i-Ufe na«a.ai ^^si-fe SSoiz, emb lhimh.o| 7HSa|?h at =f 

i# §^©rfe SSOlCr. LH|M.^|3LS| g^g ^^Srfe gSfil Si.BgJSf 0|gg SiO 2 , B 2 O3 , G 

eS 2 , As 2 S SSI MgtHI o|sH ^ 01^ lHIm^IM g^g 7H^a|^ af ?£I S^^fe gSs] cHl^b A 

g, n a 1 s# §4 aam, one Ag 2 o, u 2 s a 1 u 3 n ssi smgoi sish ^ss 4= jm. 

B ^SS| =P*?0fl(H|fe Li, P, O, Si a! N°| 57H°| zl±m M^Srfe E|g 0|g ^£ ^SHS0| 7HA|£J0H °JcK 0=|7|A1, L 
i, P, O, Sib U|i=^=2.o| g^g ^^§rb SSOlJl, Nb U|eo| H o| g^g 7HljA|?=| 3Lg ^^S r fe gS0|Ch 

A. SsHSe Li- P- o a 1 Li- Si- O. ^ ¥ 7HSI Ulm^ja. S^Al|g Ng 7HSxfls 5>b 5^74| s 

#7| HtHf ^jSHSg XllZESrb Li, P. O, Sig Xflg& ^ ?Jb E^lg S^trH, Jlt'g N 2 g^7| t\0\\k\ ±R-\E\ 

Ug ^SSrOH Li, P. O, Si a! NBI 57HSI S4rg &«erb afBfg ^^§rb Er*|g 

Li, P, O, Sig K»ge 4* &!b Er5!S| S-^e Li 3 P0 4 Ef5! #CH| Si £b SiO 2 £Ah0|H. E^ig ^|*|A|?JCH| o|sH, EEb 
Li 3 P0 4 a' Li 2 Si0 3 fi| ^&gg fr^Srb Li 3 P0 4 :Li 2 Si03^ir Ef^'g H^A|?>CH| ^ ?^D4, SE» = 

A| 0|cH| £hS£|b 5e 0Fu|ch. 
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±jt\E\&& gSofl ojsh 4: °ja. a oflte N 2 y§« RF ^HEiU, e- ^ §^7|(e- beam evaporat 

or) S! I BAD( I on Beam Assisted Deposition) Sir 9 4 s 2^1- . 



e ^-ScHI OW a^KHS X-IS SSo| SjcH BlSH ^EHM ^x|^cH, 0|2<HI ojsH 0|g*«( charge carrier) 

fe£. fe£ W|0|3A|( vacancy) £{=- gAH *rE|( interstitial site) 0\& 0|g fT^§ r 0flMx|0fl o|SH 0 | 

s ss.es srfecr. e irsej sense ae- £7i-e x sj y ssioi =F£s( of SS j.(hi 7ioi§ r o4, zi 

94 SS^, a&SJ #CH*I STE. B|g 0|gJ2fPj S#A|*J ?S*< SJ analog. fiA^g 14 

Eryc r . [Q-SrAH, #7|°| a*HSe «tofr a*l Sfsh o|-MBr ii§ ^AH2f 1>B olEH SS go F (H| ArS^ 4 s 2JCK 



o|*K o r B8°4 4|A|0fl# feoi & ^@o| aCr X r Afl*| 7|#& 5JOIM-, e ^@oj oifi ^A|(H|ofl tfSSIte 2S oh 

Met. 

4IA|ofl 1 

*fsf SSHSSI Afl=E »tf 

a) Si E r 2!0| £X r O|a. S Li 3 PQ, Er5! «W 

Li 3 Pa j16£9W, 99.95% 0|#) 20 g& »«f«F<H 2 °Jx| C\±3. ^EHS. 7HRS r 25cK 8T«r« M^H 

B 5°C/min°.| 900°CS. ££A|£I #7| SS.<H|Ai 3A|Z.h && ti*j5|*|-<H Li 3 P0 4 E r 5!# TlsmW. S 

i «iO|lH» 0.7 cm x 0.7 cm H7|S 9 Br Si ERUfg 0|^§ #7| Li 3 P0 4 E r 2! #0|| 4, 5, 5! 67H ZfZf 

AM Si Ef^Ol SX r 0|3. S Li 3 P0 4 Er5!s Xfl^SrSM. £ 1fi Li 3 P0 4 E r 2!( 1) #0|| Si SX r O|H Er2!(2)0| 5?H 
*|Srfe" S^M £A|*r 3J0|CK 

b) ^aj- ssH^al *w 

SbH Mi 5J§§ 2 x 10" 6 torr77rX| U|7|«fjl. ^tHofl N 2 7^($E: 99.9999%)S 5sccm°3. ^0-|^e*1 bH7| HM 
S gt^U|o| xj50| 5 x 10" 3 torr7 r **l£|£^ «rSll^. H ^JHEHU Hf^S 75W7 r Sri, 

&H>'S ^«€rfe 7|£h§ ^ISAI^IelAi RF ^E|§b 10A|Lh Spj- ^A|S r 0i Li- P- O- Si- N« 9#*rfe 

^A|CH|2 

OIS SEESJ ^ S 

^ej- SSH^o] o|£ a£E» ^S§r7| ^Sfl. 4iA|0fl 13} Stt'C!- S*T 52 SWIA-I Al 2 03^l& *T0fl tr¥ R s^. «i- 
B| aSHS, ^¥ Pt a^ g*j"A|^ R/«fBf aSHS/R ^eHSJ aM = ^X| ^§ «f5f§r23CK &7\2\- ^0| 

Zahner A r o| |M6ew AhgSr°5ocN, tf7| ^5J OCV(Open Qrcuit voltage) oflAi 10 mVfiJ 
perturbation) # 7 r «H 1M hz¥EH 10 hz77 r x| *S*r«fiDl, ZL £ 2 l||x| 3<H| UEtLH^cK £2^2 9J*I 

M^a. ^EHfil Li 3 P0 4 E r 2" ^-ofl 0.7 cm x 0.7 cm 3.7|o| Si £XhO|H El*&0\ 4?H HH2j '«Ji|e^« WWI 5 

OlJIL, £. 3S 29J*I E|^H ^E||o| Li 3 P0 4 Ef *g ^Ofl 0.7 cm x 0.7 cm H7|o| si HX r O|B. E|-2!0| 57H Ofloj 
SJirie^S UErtf 5JO|CK ^SS ^7l SSHSSJ 0|& aESEfe ZfZT 1.8 x 10- 5 SJ 2.1 x 10- 5 OISJOD4, ^2! 
0| 67H°J S¥<H|fe 1.6 x 10" 5 s/cm 0|?*Cr (a££ = 1/*lg-). 

^A|(H| 3 



- 4 - 



g7H^SH ^2002- 0063681 



£JA|ofl 2 #CHW 2£!x| H|>^3. §EJ|o| Li 3 PQ, Eh2! #CH| 0.7 cm x 0.7 cm 3.7|o| a ax r O|3 E|-2.'g 57H ^|x|A|^ 
odo^l a^sf 5JSH§§ itSfe Pt/«W SisHH/Pt ^Et)o| ahc<^|*| A^gSfo=| fc^ ±& SfiKSC linear sweep v 
oltage method)^ A r § 7|-fe£h Elgf **S5r£?Cr. Wonatech A r °J g&Wlfi Ar*«fac|-. 10 mV/min°l «*f 

ao|, s efaf sf 5.5 V°J £JO| Afg *H°j- 7 r «Cr. 

4JA|ofl 4 

Si Ef5| CH£j0fl Si0 2 EBJi# AfS«Ffe XflfilSj-Jlfe, 4jA|(H| 13* giJSh " O ^o £ h|d| SsH^g X»2S*r?*Ch 

£r S-^ISS ej-sj- £J*IIB£| o|S S££b 2f 1 x io- 5 S/cm - 2 * 10" 5 S/cmS lFeh_HS;!°cH, sjcfl MB 3 

^SE. Si Er5!2F 7Ho| §SJ*r 24^ *HSSr22Cr: 

4iA|(H|5 

Li 3 P0 4 :Li 2 Si0 3 0|g# HfQf £j«HS2| X|5|- 

ul^ESl Li 3 PQ, M^2f Li 2 Si0 3 gi!-g ef 0.9- 0.5:0.1- 0.5 ©I #|fB|S Bnt\0i ^tTM ^££h &7| *M 
g ^SfSM 2 £Jx| mms. XflStSrSJnK C\±3.m 5°C/min°| ^S.S. 900°CS £&A|£I ^, #7| 

S£KH|AH 3A|7_f Qg*| B |srO=| Li 3 PQ, :Li 2 Si0 3 E r 2!M WSHHcf. SSttf LH 2§§ 2 * 10" 6 torrtfr*! UH7|tr 
=StHcH| N 2 7|-^(££E: 99.9999%) S 5sccm°.£. ^oH^ojAH UH7| H JM§ ZEgW ^bHU)°| E!«0| 5 * 10 - 3 to 
rr7|- #x|£|£^ SrM. ^ ^°HeHD b|-«I« 75W7 r £|£^ ffrJL, ^nJNSS 4^Srt §eh 7|&g Si&M^&M, 
RF ^IHEHUS 10A|7i §eh ^A|sfoi Li- P- O- Si- «-#*rfc ^af gsHSIf' ^st«rSm. 

#7| £^o S xflsth efaj- fjsHS^ MB*W o|£ 3.E.S.M ^SSt^oeH, zi 2Jif# £ 3CH| UeHJ)5^cK £ 5fe Li 
3 P0 4 :Li 2 Si0 3 ^tr Er2!« 0|«» *m SSHSSJ o|g £!££7F sr 5 x 10- 7 LHxl 2 x 1 0 " 6 S/cm S£l 5ffeCr& 
UEhycK 

^•7| fe'A|cH|cH|AH ^ ojb Ur£r &o|, ^ aj-af ScHSe ^HoHU- o|S S££2r SjcH A|-§ ^fecK 

5E&, #7| ^'AlOflfe Li- P- O- Si- KM StJSrfe ^=1 SSHSOII 0|SHA1 7|$£|0-| °Jo L K Aj A |oflg y|E 
^-IH gj 7HS?3|(M| 5S & ^S0| ^Srfe 7|£ ^o|:tH|AH g^-o] 7j . S ^o|7| ^o|cK 

^ Big o|g SfE 3sHU£ 7|^sj SsHScHl b|sH A|-o|a m$ gj ^S^o| t!^j2foj Bhg^o| 

□=1, 3H|^?42J ^gj-aoilS &^oi £g /*|-o|g ?>fecr. o|&m g^og. eJ*r04 ^AIIP) ^^JL 

^et SSI S! 4«AH SB &oM Af§i 4 s 

5E£K g SsHSe ^LH ^ 7|^(H|AH *^^! a^°f gsf 7|#§ g§t(oi ^ 7|^°| &mmo\ 

ms.\^B\ T.m ss, -yui 7i^s oissh §°s sf*ssrfe sjsf §y 7i^s s^^^eh ^oh^ 4= a!7i khs 

cH| s^oj ^lH iJ-oHo| £2 gy 7 |^o| ^-^jif All 7^| 540^. 7H^£|j1 ^af ^^1 S£| go^ 7|^g 

^ &St 7 r xU o'cf. 

(57) %=?2\ e*i 
1. 

Li, P, O, X S! YS ¥^Elfe fJXh^ IT^^Jl, ^7| XSJYf <HJ= § r L r fe U|e^ho| gqg ^Srtr SfiOljl, C r 
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2. 

*H»Ofl ? A 'OUi #7| M|e^|3.°J g^Sfe #HO| Si, B SL 1 SS ?(H|AH tfUlJEfc 5JO| fS°J £jsHa. 

^MtrcHI gJOHAH, #7| U|M*|a.fiJ 7HSA|^| Zlg^SS Sg^fe gSo| Ag, N5!S£ ^££Jfe 5<H|AH 4d©j£j 
4. 

a) Li. P, O, SiM * fcfe Ep^'S- b) N 2 M^|7! «KH|AH ^iHEHUS ^«*f&l Li. P. O, Si 5! 

NSJ 57HSJ Sj^S «|4»ofl SSHS^ *l|S*tfe 

6. 

«l5Sofl aloUH. Li. P. O, SiS *»S6 ^ El-^'oj «£0| Li 3 PQ, Ef2! #<HI Si Sfe SiO 2 H^0|H Ef^L'S ^|*| A| 
a CHI o|8H. Li 3 P0 4 SI Li 2 Si0 3 fi| ^«TSS Li 3 P0 4 :Li ? Si0 3 ^ ^A|^0fl o|cH ^|«E|{= aj 

a. 

7. 

*ntr uhai e <hj= th s-chi to-e earns itrsfe ^^i- se^ 2.4^ ^ah. 

SES 1 
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